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THE HANFORD REACH: A HISTORICAL VIEW

The Columbia River o riginates in the mountains of
sparsely-populated eastern British Columbia, Canada, and
flows southwards into the United States before entering the
Pacific Ocean after passing through sparsely-populated,
semi-arid eastern Washington (Fig. 1). For much of its way
through eastern Washington, the River passes between
steep-walled canyons. However, for about 80 km down-
stream from Priest Rapids Dam (Fig. 2) to the town of
Richland, the land has relatively little vertical relief. This is
the only pa rt of the River that is not impounded by a dam,
and it is known locally as the Hanford Reach.

Before neo-European settlers began to develop the land
of eastern Washington in the mid- I800s for agricultural
purposes, the native upland vegetation was dominated by
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r IG. 1. Map of the Columbia River showing the location of the
Hanford Reach in relation to hydroelectric dams along the main-
stem Columbia River in Washington, Oregon, and British Colum-
bia. Scaleindicatedbyeast-west distanceacrosscentreofWathing-

ton being 530 km.

short-statured desert shrubs—especially Big Sagebrush
(Arternisfa tridentata Nutt.) and perennial bunchgrasses
such as Sandberg Bluegrass (Poa sandbergii Vasey) and
Bluebunch Wheatgrass (Agropyron spicatum [Pursh]
Scribn. & Smith) (Daubenmire,1970). However, the native'
vegetation has been dramatically altered by the expansion
of cultivated agriculture and yea rs of livestock grazing.

The wildlife and the fishe ries resources of the Hanford
Reach attracted . little scientific inquiry until the early
1940s, when 1,400 km2 ofsemi=arid'land was purchased by
the United States Government as a site to construct several
plutonium-production reactors. During reactor operations
in the years 1943-72, heated water, corrosive chemicals,
and radionuclides, were released into the River on a more
or less continuous basis.

To determine the effects of radioactivity upon river
fishes; various kinds of laboratory and field studies were
initiated (Davis & Foster, 1958; Foster, 1972). Special
attention was focused on the welfare of the commercially .
valuable Chinook Salmon (Oncorhynchus tshawytscha)
and the recreationally valuable Smallmouth Bass (Microp- ,
terns dolemieut) (Henderson & Foster, 1957). Waterfowl,
especially a locally-nesting race of the Canada Goose
(Branta canadensis moftti), were also selected for inten-
sive study (Hanson & Eberhardt, 1971). Aside from radio-
logical survei llance of Black-tailed Hares (Lepus californi-
cus) for radioactive iodine-131, little attention was paid to
the terrestrial biota of the Hanford Site (Hanson, 1960).

The major Man-imposed environmental changes along
the Hanford Reach of the Columbia River and adjacent
land during the 40-years' pe riod of 1940 to 1980 are sum-
marized below:
1941-50: The 1,400 km 2 Hanford Site was established in

1943. In the first decade, 1941-50, the small villages of
White Bluffs and Hanford, located on the western
shore of the Columbia River, were abandoned and the
entire population was relocated. Several hundred hec-
tares of irrigated fields and orchards surrounding the
villages were also abandoned. A work-force of about
50,000 persons was tempora rily assembled at the Han-
ford village site to construct plutonium-production
reactors at four locations on the weste rn shore (right
bank) of the Columbia River.

Public access to the Columbia River and the Han-
ford Site land was restricted for safety and secu ri ty
purposes. When the production reacto rs became
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o , e ra}+qt̀ ah ,t temporary work-camp at Hanford vil-
lage^wa$,'t?•ar{ ned. and a permanent work-force was
housed'at th'e 4f).wn of Richland (Fig. 3). There has been
no, resid6iri% roan population on the Hanford Site
since '194P;TK' perating reactors released heated war-
er, radionucli es. and corrosion-inhibiting chemicals,
directly into "'tli'e Columbia River, and so biological
studies were initiated to determine the effects of reac-
tor effluent 'releases especially on Columbia River
fishes.

1951-60: In this second decade the operating reactors rel-
eased a maximum of nearly 24,000 megawatts of heat,
and several thousand cu ries of radionuclides, into the
Columbia River each day. McNary Dam, located far
downstream from Richland, was completed in 1953
(Fig. 3). The rese rvoir(`Lake Wallula'), which was thus
created upstream from McNary Dam, extended to
Richland. The US Bureau of Reclamation constructed
the Potholes and Scooteney Reservoirs north-east of
the Hanford Site, using water taken from the main-
stream Columbia at Grand Coulee Dam (cf. Fig. 1).

. rrr	 An extensive system of irrigation canals was built to
a; deliver irrigation water to thousands of square kilom-

etres of semi-arid land located on the high plains to the
north and east of the Hanford Site. Some of the water
stored in these reservoirs and applied to fields as irri-
gation water, became subterranean and reappeared as
permanent spring-flows in the water-bearing strata of

the riverineblufis-0otaidal 	 .e astern shore ofiheeon'th`e b
Columbia River near" 3). The value of 1971

these steady water-flows wasE co9pized, and they were o
developed to provide rea ri ls^'pOncJs for Chinook Sal-
mon and Steelhead Trout'	 afino,. , gairdneri). Canals
were constructed throughoutthq.,i 'gated dist ricts to
collect runoff water, and the flow'of these canals (was- ct
teways) re-entered the Columbia River at two dis- il

charge points on the eastern shore of the Hanford b
Reach below Ringold and near Richland (Fig. 3). t.

P riest Rapids Dam, constructed upstream from the tt
Hanford Site, became operational in 1959 (Fig. 2). The
operation of P riest Rapids Dam and other upstream
dams dramatically altered the river-flow throughout
the Hanford Reach (Books, in press). a

1961-70: In this third decade, the operation of plutonium-
production reactors on the Hanford Site was phasing
out, and radionuclide and chemical releases to the I
Columbia River essentially ceased. The dual-purpose t
(electricity and plutonium) N reactor continued to
operate, releasing heat but ve ry little Man-induced t
radioactivity into the River. i

The technical development of electric-powered,
overhead-sprinkler ir rigation systems allowed the ir ri -
gation of relatively rough land, and this increased the
areas of irrigated land on the plains eastward from the t
Hanford Site. Today the Hanford Reach persists as the i
only free-Bowing po rt ion of the Columbia River in -
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FIG. 3. Map showing the section of the Columbia River between
McNary Dam and Priest Rapids Dam, with location of the US
Department of Energy's Hartford Site, riverine islands, and other
features mentioned in the text. (Each square represents a'township'

of 36 miles (ca 58 km) dimensions.

eastern Washington, as all other suitable sites have
been occupied.

1971-80: On the Hanford Site the N-Reactor continues to
operate, and there are being constructed three com-
mercial, nuclear-powered, steam-elect ric stations in-
land from the Columbia River. These stations are to be
equipped with cooling towers instead of requi ring
direct discharge of heated water into the River, as was
the case of the plutonium-production reactors that had
been built on the Hanford Site in earlier years. A plan
to build a hydroelectric dam in the Hanford Reach
upstream from Richland is being held in abeyan ce, as
seasonal and daffy. flow-patterns of the Columbia
River in the Hanford Reach become more and more
regulated as a result ofincreased water-storage capacity
at upstream dams in the US and in Canada.

After 25 years of rest ricted access, the Hanford
Reach is opened for boating, but public access to the
Hanford Site land west of the Columbia River is res-
tricted. Rangelands and dryland agricultural areas sur-
rounding the Hanford Site are steadily being conve rted
to irrigated agriculture. New seeps and springs appear
in the water-bearing strata of the riverine bluffs on the
eastern shore of the Columbia River, creating massive
earth-slumps that encroach on river-flow. Seep ponds
and lakes are created on the no rthern part of the Han-
ford Site, as irrigation canals are extended to deliver
irrigation water to d ryland areas located no rth of the
Hanford Site.

Most of the Hanford Site land remains undeveloped,
and will presumably suppo rt communities of native
plants into the foreseeable future. In 1977, the Hanford
Site was designated a National Environmental Re-
search Park, to be used as an outdoor laborato ry for
ecological research purposes—including preservation
ofdiversity of native populations of plants and animals
(cf. Rickard et a/., 1982).

STATUS OF RARE, THREATENED, AND ENDANGERED, SPE-
CIES ALONG THE HANFORD REACH

The Ame rican Bald Eagle (Haliaeetus leucocephalus) is
listed by the US Fish and Wildlife Se rvice as an endangered
species. However, in the State of Washington, it is listed as
'threatened'. The largest congregations of wintering Bald
Eagles in the State of Washington occur along the Skagit
and other rivers in the no rthwestern part of the State (Serv

-heen,1975; Stalmaster et al., 1979). Neve rtheless, the Han-
ford Reach has histo rically attracted small numbers of Bald
Eagles as winter residents (Fitzner & Hanson, 1979). In the
1960s, winte ring Bald Eagles were present, but less than ten
birds were censused, whereas by the 1970s, numbers had
increased to twenty or more birds (Fig. 4). The increase in
wintering Eagles is attributed to increasing numbers of
autumn-spawning Chinook Salmon in the Hanford Reach
(Fig. 4). Chinook Salmon die after spawning, and their car-
casses provide a food-source for the Eagles. The continued
use of the Hanford Reach by winte ring Bald Eagles appears
to be tied to the abundance of dead Salmon.

Two rare plants occur along the Hanford Reach of the
Columbia River. One is the Columbia River Milk-vetch
(Astragalus colurnbianus Barneby), which has a very lim-
ited geographic distribution only in the vicinity of Priest
Rapids Dam. This vetch population is subjected to sp ring
grazing by sheep and cattle, but appears to be in no imme-
diate danger of extinction because of this livestock graz ing
(Sauer et al., 1978). The plants grow in seasonally d ry soils
at elevations well above the zone of Man-induced water-
level fluctuations of the Columbia River, The local va riety
of Yellow Cress (Rorippa ca(vcina var. columbiae [Suksd.]
Rollins) is also a plant of lim ited geographic distribution. It
grows in the Hanford Reach at the water's edge within the
zone of fluctuating water-levels (Sauer & Leder, in press).
At the present time there are no vascular plants that are
known to grow along the Hanford Reach and are classified
as endangered by the US Fish and Wildlife Se rvice.

WILDLIFE RESOURCES

The Western Canada Goose (Branta canadensis mo]rtti)
nests on twenty sparsely-vegetated, sand-and-cobble is-
lands in the Hanford Reach (Ball et al., 1982) (Fig. 3).
Although the histo ric pattern of river-flow has been altered
by flow-regulations at upstream dams, the integ rity of the
goose-nesting islands has not been appreciably changed
(DeWaard, 1981). Over the past 30 years, these Geese have
consistently favoured ten of the twenty islands as nesting
habitats. In the decade 1950-60, a favou red island for
nesting was Locke Island (Fig. 3). Nesting use of this island
declined in the decade 1961-70, and by 1980 nesting
attempts by these Geese had nearly ceased, due to the year-
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around presence ofa few Coyotes (Canis latrans) (Fitzner &
Rickard. 1983).

Ring-billed Gulls (Lanus delawarensis), California Gulls
(L. californicus), and Forster's Terns (Sturnella forsten),
nest in large colonies on two islands located near the town
of Richland. In 1977, ca 5,100 pairs ofCalifom is Gu lls and
ca 4,600 pairs of Ring-billed Gu lls nested on these islands
(Conover et at, 1979). An estimated 400 pairs of Forster's
Terns also nested on these same islands (R. E. Fitzner,
pens: Comm.). The nesting gulls and terns benefit from the
protection from human trespass provided by the US Fish
and Wildlife Service, which manages these islands as bird-
nesting refuges.

-The Great Blue Heron (Ardea herodias) is a year-around
resident along the Hanford Reach, and about 40 pairs nest
in a small grove of deciduous trees located on the western

shore of the Columbia River on the Hanford Site (Fig. 3).
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Over the years, the nesting Heron population has gradually
increased, benefitting from the freedom from human 

Statistical Analdisturbances provided by the rest ricted public access to the 
SFluctuatingHanford Site, by the deciduous trees planted in the years to

prior to Government's acquisition of the land, and by the
availability of food- fish in the Columbia River. 	 (L

Mule Deer (Odocoileus hemionus) are the largest of the
wild mammals that permanently inhabit the H anford
Reach. Mule Deer were scarce along the Hanford Reach in.
the years prior to 1940, because they were treated as pests
by the local fanners and were shot at eve ry opportunity. Type ofGround-Jew
The abandonment of the small farming villages of Hanford -	 ---
and White Bluffs in the early 1940s, and the absence of Rock Pickers
shooting on the Hanford Site in the following years, per- Gravel Pickers
mitted the Mule Deer population to expand. Tagging stu- Sand Pickers
dies showed that some of the fawns born on the Hanford Mud (Silt Deposit-
Site left it andwere killed when they moved to the adjacent
 (Probers and Pi

lands '(Hb hmd, 1975; Eberhardt et al., 1984). The Deer Grass Pickers
populatibn':oh the Hanford Site appears to be relatively Wading Bottom -pa

stable there have been no population eruptions, and con- Ho: P i testing w?
sei[uently no need to practise population control. Coyotes 	 with
4rckngwn,io be important predators on Mule Deer fawns ugo: P= r

re
eject^ed, =

kj5tetgers;2. finders, 1980), and apparently natu ral preda-
f oit""d

iteat a.
q r tion keep the;Deer population of the;Han-,itS it . .

stable level.	 programme, and
The elfecf of Man-induced water-level fluctuations on fish.

wild birds•.associated with streamside habitats along the One of the di;
'';'"fanfoid-'X6' h of the Columbia River has recently been Columbia River

ijtvestigated'by Books (in press), who noted that daily downstream mig,
exposures of mud-flats and beaches by fluctuating water- Lively weak sm.,

" lev	

ng

els rbvid d food subsidies, in the form of insects and structures or ss--
'p" """s 	1978 Fisheri.5mall4p h&	 es ,tranded by receding water, for birds of the	 )•

µ ^gufid?feeding guild. The foraging activity observed dur- ways to reduce f_
nods o^xecedt water;l'evel was signi ficantly higher tures with low'

wpo1d b " expected by chance alone (Table I), 	 studies to define
pathways travel'.

	

Yr z_ tU y	 ..

through the fiant
{ ...	 t ' _.:	 _.	 Many of th@..

(t	 (	 Frse ResovxcFS	 tktrough the Hanf
>	 s p`*s	:.	 . s ies where water 1.

^ e lS pop_ulatioris of the Columbia River are valuable seawards in the
QQbmeia) and recreational resources. Most of the local travel time has it

^ shen€s,rresearch and management has centred upon the'more, as a result
atiadrorrii}tis'Chinook Salmon and the Steelhead Trout: downstream dam
Populations;•of the Salmon and Trout are sustained by emigrating fish at

„artificial piop̀agation, and by protecting river-spawning temperatures for
"fish (Watson, 1970) through a regulated spo rt and commer- years. This delay
cial fishery. Millions of young salmonids are released into val of young salm
the River each year for downstream migration to the niles can be facilil:
Pacific Ocean. Upstream migration of adult fish retu rn

ing of the dams, but
to the Hanford Reach after a 2-4 years' residence in the capacity. Ways to
Ocean, is accomplished by passage through fish-ladders at crating capacity
downstream dams—after surviving commercial, spo rt, ut ilities and state
and American Indian, harvests at sea and in the lower
Columbia River.

An annual census ofChinook Salmon redds (nests) in the 
Fish Diseases

Hanford Reach has been conducted by ae rial counts since ; Diseases are a
1947 (Fig. 4). These data clearly show that the Hanford Pathogen Flezibnc
Reach has consistently supported mainstream-spawning bia River, and vu
Salmon,.with the greatest numbers of redds counted in sacker & Fuji-
recent years. The increase in redd num bers is attributed to fated to elevated

Is

the fisthe absence of suitable spawning locations elsewhe re along fco sIeh(esr=
the mainstream Columbia River, to a vigorous stocking	 hes pa =
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gradually	 TABLE I	 and bruises experienced by the downstream migrants as

ess to the
Ito

Statistical Analysis ojGround feeding Birds in Relation 	 facilitate the transmission of infection by F. columnaris.
t humanthey pass through turbines or over dam spillways, also

the years 	 Fluctuating Water-levels Along the Hanford Reach of

id by the	 the Columbia River.	 Resident Fish
(Data from Books, in press.)

est of the	
Smallmouth Bass (Micropterus dolomieur) were intro-

Hanford	 Percentage of	
duced to the Columbia River from the eastern US in the

Reach in	 observations	 years prior to 1940. They now provide a self-sustaining
During	 sport fishery of local importance. Spawning is confined to

1 as pests	 Receding	 Chi-
.	 Number of	 Water.	s	 re	 the shallow waters of backwater sloughs (Montgome ry et

ortunity Type of Ground feeding	 observations'	 levels	 rl.a	 al., 1980). Wide fluctuations in water-levels, manipulated
Hanford	 at upstream dams, impede spawning success through ex-
isence of Rock Pickers 	166	 78	 55.5s1	 posing nests and eggs to desiccation during pe riods of low-
-ars, per- Gravel Pickers 	250	 87	 135.4
Bing stu- Sand Pickers 	110	 89	 67.2+	 water flow, and also by stranding juvenile fish in shallow,
Hanford Mud (Silt Deposits)	 878	 59	 29.21 =	 ephemeral pools where they are vulne rable to predation.

adjacent	 (Probers and Pickers)	 .:	 Smallmouth Bass are especia
ll

y vulnerable to sport fishing
Grass Pickers 	988	 82	 396.6,	 when they are concentrated in the spawning water. Spo rt-

s'elatively 
Wading Botto m-probers	 35	 27	 8.3.b, ca fishing restrictions a re enforced along the Hanford Reach,

con-	
to protect the spawning Bass from potential over-ha rvest

and Ho:	 P =l testing whether observations ofground-Feeding occur . randomly l,.. by sport fishing.
I 'Coyotes	 with respect to receding water-levels 	 -

'Ho: P= rejected, p <.001, cri tical value e' 10 8 df	 Ta?°	 h.i'.:	 -'eCfawns b Ho: P= rejected, p <.01, critical value = 66 df. 	 W i 	 ^':). '. ^, .	 -	 TABLE If
-al preda-

.he Han- Fish Species Inhabiting the Hanford Reach of the
r-•	 programme, and to controlled harvesting ofrefl6iingaduIr 	 Columbia River.

tions on fish.
". long the	 One of the difficulties of sustaining salmonids in`IRF r	 Anadromous Fishes

my been Columbia River has been high mortality . of the juvenile';`'	 Chinook Salmon	 Oncorhynchus tshawyischa
tat daily downstream migrants. Newly-hatched salmonidsare vet -' 	 Cohn, Salmon	 O. kisutch
g water- lively weak swimmers, and can be killed at water-intakg 	 . Sockeye Salmon	 O. nerka
ects and structures or steam-electric power-plants (Page,' et' u'i;	 Steelhead Trout	 Salmo gairdneri
Is of the 1978). Fishe ries research has been directed at discovenng' 	 * *American Shad	 Alosa sapidissima
Jed dur- ways to reduce fish-kills by designing water=Pubak6stru'c"-"£
{y higher tures with low current-velocities and byz.6Qntcting^1%Id' t 	 :: -	 Resident Large Fishes	 *.

studies to define more accurately the iimh jjigl;	 ion `	 Bndgelip Sucker 	 Ca[ostomus columbianus	 -
pathways travelled by the downstream migrants passi '	Largescale Sucker 	 C. macrocheilus	 -	

t

_--	 through the Hanford Reach.	 "	 Mountain Whitefish	 Prosopiumwilhamsonir
Many of the young Salmon that pa$s, ^d wnstiream"	 Chisel-mouth	 Acrocheilus alutaceus i	 ..

-	 -	 '. " 	 - '	 Peamouth	 MYoceus; cau t 700	 through the Hanford Reach originate in 6pslrga¢t tributar- 	 lhil,	 r nus

ies where water temperatures are cooler.' Tliese ^fi h;rgove ; •,. Northem Squawfish	 Ptychocheilus oregonensis

valuable seawards in the spring and summer mon}_lis. However; the, ;1 y, ,White Sturgeon	 Acipenser transmanranus

the local travel-time has in some cases been 	 by.. atmonth
 

PI:,
	 *Sma Imouth Hass	 M'cropterusrddelayed !omleui.ipon the'more, as a result of impediments imposed by a senes,gf';	 *Largemouth Bass	 M. salmoides

3 Trout. downstream dams (Becker, 1973). Because ofthe delay, the	 *Black Crappie	 Pomoxis nigromaculatustined by emigrating fish are exposed to higher summer-time waier
.	

-Walleye	 Sdzostedion vitreum
pawning temperatures for longer periods of time than in pre-dam	 'Yellow Perch	 Perea flavescens
:ommer- years. This delay is thought to be det rimental to the survi=	 •Bluegill	 Lepomis macrochfrus
ised into val of young salmonids. The downstream passage of juve- 	 'Channel Catfish	 Ictalurus punctarus
i to the niles can be facilitated by the spillage ofwateroverthe faces 	 `Bullhead	 L melar
eturning of the dams, but this spi

ll
age results in a loss of generating

:e in the capacity. Ways to enhance fish passage and maintain gen- Small Fishes
adders at erating capacity are currently being sought by electrical 	 Threespine Stickleback	 Gasterosteus aculeatas
I, sport, utilities and state and federal fish-management agencies.	 Sculpin	 Cotw asper
1e lower	 Blacknose DaFe	 Rhinichthys a[ratulus

4s) in the Fish Diseases

rats since :  are a cause of fish mortality. The bacte rial
Hanford pathogen Flexibacter columnaris is present in the Colum-
pawning bia River, and virulent strains produ ce a fatal fish-disease
unted in (Becker & Fujihara, 1978). The infection seems to be
buted to related to elevated water-temperatures, and to the presence
:re along ofcoarse fish (especially sucke rs , Catostomus spp.) that live
stocking in the fishes' passage facilities at the dams. Va rious cuts

Longnose Dace	 R cataractae

Speckled Dace	 R osculus
Redside Shiner	 Richardsonius balteatus

Status Unknown

Cutthroat Trout	 Salmo clarkii
Dolly Varden	 Salvelinus malma

• Introduced from ea nern/aentrat No rth America
•• Introduced from Eu

ro
pe.



The White Sturgeon (Acipenser transinontanus) is the
largest of all fishes in the Hanford Reach. To lea rn more
about their movements, radiotelemetry devices have been
attached to adult fish as a way to track individuals in their
daily and seasonal travels (Haynes et at, 1981). The infor-
mation obtained from these studies is useful for formulat-
ing management strategies that may be needed to sustain
future Sturgeon populations.

The Common Carp (Cyprinus carpio) is an inadvertent,
alien introduction to the Hanford Reach, and although it is
very abundant, there have been no studies made of its
life-history and food habits locally, or to find ways to
exploit the Carp population as a food-source for people.
The Carp population provides a food-source for Great Blue
Herons (Rickard et al., 1978), and a few Coyotes have
learned to capture Carp trapped in shallow pools created by
receding water-levels (Sp ringer, 1980).

Two native..salnionids, Cutthroat Trout (Salto clarkit)
and Dolly Vardeh (Salvelinus manna), probably became
extirpated from'. the Hanford Reach prior to 1940'..Of.the

1r3sixteen medium; to large-sized resident fish species in the
Hanford Reach`71inc'are introductions from easteiit North
America of Effiliathat were made prior to 1940 (Table II).
Clearly the;abllrt^ &than to introduce alien fishes to the
Columbia Rie $as altered the species-composition;oethe
Hanford Reach'to a great extent -

CHEMICAL POLLUTION
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TABLE III i
Radionuclide Content pCi/kilogram Ash, of Canada

Goose Eggs from the Hanford Reach of the Columbia

	

River.	 i

(Data from Rickard & Sweany, 1977.)	 1

i
Radionuclides	 Soft Parts	 Eggshell

137r,	 1,600	 32
90sr 	560	 1,700

657„	 430	 180

54m,	 140	 ND
60co 	39	 8

ND = not detected

the presence of Man-induced heavy-metals or-radionu-
clides in their foraging environments {Rickard et at, 1978;
Fitzner et at, 1982). Toxic metals such as lead, cadmium,

	

and mercury, were measured in t	
Ta

fieuest debris (faeces and
fish-scraps) at Heron colonies foc Wsrt Take Coeur. d'Al-
ene in Idaho, Tacoma in Washiigtgri; and the Hanford
Reach (Fig. 1). The lowest )evels''.of those ^metalS` were
measured in debris collected pn?tfie,l-Ianford Site  (Ta-
b1eIV), indicating the relatively' pollution-free e0iron-
ment of the Hanford Reach.

TABLE IV

At the present time, the Hanford Reach of the Columbia Lead, Cadmium, and Mercury, Contents of Debris Cast

River is relatively free from indust rial-urban chemicals. 	 from Herons' Nests at Hanford and Tacoma,
The only sizeabletown located on the banks of the main-	 Washington, and Lake Caur d'Alene, Idaho, ppm of
stream Coluritliia River upstream from the Hanford. Reach
is Wenatcli4 `j sh ngton. There is therefore only a small
amount of themmal contarrtmatiom that is introduced
directly info Ih;^^ttv^eFF before it enYers'the Hanford Reach
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